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INTRODUCTION 

The Grand Forks Energy Research Center i s  operating a slagging fixed-bed coal 

Operation was resumed in April 1976 with the major 

gasification pilot plant. 
t o  establish operability of the slagging method of ash discharge and t o  evaluate 
process parameters (1, 2 ) .  
objectives being to  study the effluents produced in gasification. 
methods currently used a t  GFERC t o  sample and analyze effluents are presented and  
results are related t o  gasifier operation. 

The pilot plant was previously operated from 1958 t o  1965 

In th i s  report, 

GFERC GASIFIER 

A flowsheet of the GFERC pi lot  plant i s  given in Figure 1 .  Recent publications 
A brief sumnary (3-6) have discussed the tes t  equipment and procedures in detail.  

will be provided here. 

The tes t  coal i s  introduced into the gasifier through a lock hopper. 
coal descends through the shaft, i t  i s  heated by the countercurrent flow of h o t  
gases coming from the reaction zone. 
occur in distinct zones in the coal bed (7) .  The coal i s  reacted with a steam- 
oxygen mixture which i s  injected into the hearth. Gasification occurs a t  tempera- 
tures of 2800-3100" F,  completely consuming the coal and leaving only slag. 
molten slag drains continuously into a water quench ba th .  The gas enters a 
recycled liquor spray washer where water vapor, tars ,  o i l s ,  and dust are removed. 
The accumulating liquids are periodically drained into an  atmospheric holding tank. 
The gas i s  further cooled, sampled, depressurized, demisted, metered, and flared. 
A typical gas composition i s  58% CO, 29% H2, 5% C H 4 ,  and 7% C02, with small amounts 
of Cz-Cq hydrocarbons. 

As the 

Drying, devolatilization, and gasification 

The  

COAL TESTED 

All tes ts  described in this  report were performed with Indian Head l igni te  
obtained from the North American Coal Company mine in Mercer County, NO. 
moisture content of the coal as mined ranged from 35 t o  37%. 
during handling and storage, the moisture content of the coal tested ranged from 
23 to 30%. 
observed analyses. 

The 
Due to moisture loss 

Table 1 shows a typical analysis for as-gasified coal and the range of 

SAMPLING METHODS 

Collecting representative and reproducible samples of effluents produced by the 
gasifier presents special problems because the system i s  under pressure and the 
streams t h a t  are sampled contain a multiphase combination of gas, water and organic 
vapors and/or aerosols, and entrained fuel particles. 
methods and procedures are being developed to  address these problems. 
include; collecting a composite of the total liquor generated during a run, 
periodically collecting samples of recycle liquor circulated th rough  the spray 
washer system, and by using sampling trains attached t o  product  gas stream. 
Figure 1 shows the location of the sampling points. 

A t  GFERC several sampling 
These 
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Composite samples o f  t a r  and water  produced d u r i n g  t h e  e n t i r e  t e s t  a r e  c o l l e c t e d  
f rom t h e  l i q u o r  accumulated i n  t h e  ho ld ing  tank a f t e r  phase separa t i on  and weighing. 
Component concen t ra t i ons  and q u a n t i t i e s  o f  water c o l l e c t e d  a r e  co r rec ted  f o r  system 
s t a r t - u p  water. 

The recyc led  condensate l i q u o r  i s  sampled a t  each coa l  charge which rep resen ts  
a t imed  data pe r iod .  
generated a r e  determined by d i f f e r e n c e s  i n  l i q u i d  a n a l y s i s  and i n v e n t o r y  between 
samplings. 

ope ra te  s l i g h t l y  above atmospheric pressure and remove condensib les from a s ide  
stream o f  raw gas produced by t h e  g a s i f i e r .  
exchanger. 
c o o l  t he  gas p r o g r e s s i v e l y  t o  32" F and condense and c o l l e c t  water and l i g h t  o i l .  
Gas f l o w  r a t e  t o  t h e  sampler i s  l e s s  than 1 p c t  o f  t h e  t o t a l  gas produced. The 
f i r s t  stage o f  sampler I1  i s  a cyc lone which removes t a r .  I n  Stage 2 and 3 wa te r  
and o i l  a re  removed by h e a t  exchange which coo ls  t h e  gas t o  40" F.  Th is  sampling 
system w i l l  be f u l l y  desc r ibed  i n  a separate p u b l i c a t i o n  i n  t h e  near f u t u r e .  
Sampler I11 c o n s i s t s  o f  f o u r  s t e e l  impingers i n  s e r i e s  immersed i n  an i c e  bath. 
f o u r t h  system us ing  o n - l i n e  gas chromatographs t o  measure mass r a t e s  o f  water  and 
t a r  i n  product  gas i s  under development, and w i l l  a l s o  be descr ibed i n  a separate 
pu b l  i c a  t i on. 

The mass p roduc t i on  r a t e  and concen t ra t i on  o f  each component 

Schematics o f  t h r e e  sampling t r a i n s  a r e  shown i n  F igu re  2. Each o f  these u n i t s  

Sampler I i s  a f o u r  staged heat  
Ta r  i s  c o l l e c t e d  i n  Stage 1 (mainta ined a t  212" F), Stages 2, 3, and 4 

A 

ANALYTICAL METHODS 

The d i s s o l v e d  s o l i d s ,  s p e c i f i c  g r a v i t y ,  pH, a l k a l i n i t y ,  ammonia, and s u l f i d e  
con ten t  a re  determined by wet chemical methods descr ibed i n  t h e  l i t e r a t u r e  (8).  
I ns t rumen ta t i on  i nc ludes  a Hach model 16500 r e a c t o r  f o r  chemical oxygen demand 
(COO), a Beckman model 915A t o t a l  o rgan ic  carbon (TOC) ana lyze r ,  and a Leco model 
532 t o t a l  s u l f u r  ana lyze r .  
spectrometer (MS). 

p rese rva t i on ,  and a n a l y t i c a l  methods f o r  l i q u o r  samples, i t  appears t h a t ,  a t  l e a s t  
t o  an extent ,  t he  e f f l u e n t  generated by each g a s i f i e r  i s  unique, r e q u i r i n g  s l i g h t  
m o d i f i c a t i o n s  t o  e x i s t i n g  a n a l y t i c a l  procedures. For example, exper ience a t  GFERC 
has shown t h a t  wet chemis t r y  procedures f o r  s u l f i d e  and cyanide as r e p o r t e d  i n  t h e  
1 i t e r a t u r e  have n o t  g i v e n  s a t i s f a c t o r y  p rec i s ion .  The m o d i f i e d  a n a l y t i c a l  
procedures developed a t  GFERC w i l l  be d e t a i l e d  i n  f u t u r e  p u b l i c a t i o n s .  A 
coopera t i ve  program w i t h  Carnegie Mel lon U n i v e r s i t y  i s  i n  progress i n  which t h e  
accuracy and p r e c i s i o n  o f  most o f  t h e  procedures used a t  GFERC w i l l  be s tud ied.  

The r e p r o d u c i b i l i t y  o f  t h e  procedures f o r  ana lyz ing  t a r - f r e e  l i q u o r  i s  shown 
i n  Table 2. Each t e s t  i s  r u n  on a l i q u o t s ,  t r e a t e d  i d e n t i c a l l y  be fo re  a n a l y s i s .  
Table 2 shows the r e p l i c a t e  va lues,  t he  average, s tandard d e v i a t i o n ,  and c o e f f i c i e n t  
o f  v a r i a t i o n  (9) .  C o e f f i c i e n t  o f  v a r i a t i o n  i s  10% o r  l ess ,  i n d i c a t i v e  o f  good 
r e p r o d u c i b i l i t y ,  f o r  a l l  t e s t s  except  COD, f o r  which t h e  va lue i s  13.6%. The 
r e p r o d u c i b i l i t y  o f  MS a n a l y s i s  f o r  t a r  has been r e p o r t e d  p r e v i o u s l y  (6 ) .  

Organic species a re  i d e n t i f i e d  u s i n g  a DuPont 4918 mass 

Although a l a r g e  body o f  l i t e r a t u r e  e x i s t s  rega rd ing  t h e  p repara t i on ,  

EFFLUENT PRODUCTION 

The mass r a t e s  o f  water, t a r ,  ammonia, and TOC produced d u r i n g  seven g a s i f i -  
c a t i o n  runs a r e  shown i n  Table 3. These runs rep resen t  a range o f  o p e r a t i n g  
pressures f rom 100 t o  400 p s i ,  oxygen r a t e s  o f  4000 and 6000 sc fh ,  and coa l  
mo is tu re  contents  from 22 t o  30%. The oxygen/steam mo la r  r a t i o  was 1.0. Mass 
r a t e s  were separa te l y  c a l c u l a t e d  f rom da ta  f rom t h e  composite samples, r e c y c l e  
l i q u o r  samples, and s i d e  stream samplers I and 11. For each r u n  t h e  composite 
c o n s i s t s  o f  a s i n g l e  sample rep resen t ing  t h e  e n t i r e  run. Depending on r u n  
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organic material, while the remaining fraction consisted of heavier organic 
components. 
material of mass greater than xylenol will be removed. 

Tar Composition , 

the analysis of tars from side stream samplers I ,  11, and I11 and from the composite. 
Results indicate that the MS analysis o f  the tars collected in the various samplers 
was similar and that the composition of tar does not greatly change during the run. 
Additional analytical data of the tars can be found in reference (6). 

If a sample is filtered with a .45 micron millipore filter, most o f  the 

The MS analysis of tar from RA-21 is shown in Table 6. Shown in the table is 

FUTURE PLANS 

The pilot plant facilities are being upgraded with the objective of achieving 
5 day continuous operation and the capability of gasifying caking bituminous coal. 
If a higher gas offtake temperature occurs in bituminous coal gasification as 
expected, revision of sampling methods will be required. 

The use of dedicated samplers to collect a specific effluent constituent will 
provide improved characterization. 
sampling system incorporating filter and impinger trains will allow collection and 
characterization o f  the dust in the gas stream. 
containing an appropriate acidic collector and a preservative will be used for 
sampling ammonia. 

liquor, and tar is an area in which future work is planned. 
consist of metallic elements such as mercury, arsenic, and antimony; sulfur compounds 
such as carbonyl sulfide, carbon disulfide, and mercaptans; and non-metallics such 
as selenium, chlorine, fluorine, and phosphorous. 
developed, it will become possible to calculate material balances for the various 
trace elements and to determine the fate of those compounds in the gasification 
process. 

Proper design of downstream gas-liquor-tar separation and treatment systems 
will require knowledge of the physical properties of the effluent streams as well as 
their chemical composition. Thus determination of viscosity, density, and other 
scalable physical properties represents another area in which work is needed. 

For example, future installation of an isokinetic 

Similarly an impinger train 

The development of methods for measuring trace element constituents in gas, 
The trace constituents 

As sample preparation methods are 
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dura t i on ,  t h e  r e c y c l e  l i q u o r  da ta  i s  de r i ved  f rom up t o  seven data per iods,  each 
rep resen t ing  t h e  t ime  i n t e r v a l  between coal  charges. The da ta  from each s i d e  
stream sampler represents  up t o  t h r e e  samples, each c o l l e c t e d  over  t h r e e  data per iods.  

i n  du ra t i on  o f  g a s i f i e r  o p e r a t i n g  t ime, and d i f f i c u l t i e s  i n  account ing f o r  system 
water  i nven to ry  du r ing  t h e  t e s t  pe r iod .  

The r e s u l t s  a re  i n f l u e n c e d  by i naccu rac ies  o f  a n a l y t i c a l  procedures, l i m i t a t i o n s  

A comparison o f  mass r a t e s  c a l c u l a t e d  f o r  a g i ven  r u n  f rom da ta  f o r  t h e  
composite, recyc le,  and s i d e  stream samples g e n e r a l l y  shows cons is tency  between 
t h e  sampling methods. F o r  example, f o r  run  RA-12 t h e  mass r a t e s  i n  l b s / t o n  maf 
coal  g a s i f i e d  range f rom 988 t o  1059 f o r  water, 6.9 t o  7.1 f o r  ammonia, 9.4 t o  
10.4 f o r  TOC, and 70 t o  80 f o r  t a r .  

RA-11 and -12, both r u n  a t  200 p s i ,  and by comparing RA-14 and -16, bo th  r u n  a t  400 
p s i .  A l l  of these t e s t s  were r u n  on l i g n i t e  w i t h  mo is tu re  t h a t  ranged from 24 t o  
26% and a t  an oxygen r a t e  o f  4000 scfh.  The pounds o f  ammonia produced per t o n  maf 
coa l  ranged f rom 6.1 t o  7.6 i n  RA-11 and from 6.9 t o  7.7 i n  RA-12. The pounds o f  
t a r  produced p e r  ton  maf coal was 70.6 f o r  RA-11 and ranged f rom 69.6 t o  79.4 f o r  

Rep l i ca t i on  between t e s t s  r u n  a t  t h e  same c o n d i t i o n s  i s  shown by comparing 

RA-12. 

Side stream sampler I1 was f i r s t  t e s t e d  i n  RA-16. Resul ts  ob ta ined  us ing t h i s  
system i n  RA-16, -17, and -21 ( a l l  a t  400 l b s  pressure)  a r e  c o n s i s t e n t .  
-21 were performed a t  an oxygen r a t e  o f  4000 s c f h  on coal  o f  23.9 and 30.5 p c t  
mo is tu re  r e s p e c t i v e l y  w h i l e  RA-17 was r u n  a t  an oxygen r a t e  o f  6000 s c f h  and a coa l  
mo is tu re  o f  22.8 pc t .  Water p roduc t i on  r a t e  i n  l b s / t o n  maf coa l  was 831 and 844 
f o r  t e s t s  RA-16 and -17, and 913 f o r  t he  h ighe r  mo is tu re  coal  g a s i f i e d  i n  RA-21. 
Ammonia p roduc t i on  r a t e  i n  l b s / t o n  maf coa l  was 9.8 f o r  RA-16, 8.2 f o r  RA-21, and 
9.7 f o r  RA-17. D isso lved  organics (TOC) p roduc t i on  r a t e  i n  l b s / t o n  maf coal  was 
8.2, 9.0, and 7.5 f o r  t h e  th ree  t e s t s  and t a r  p roduc t i on  on t h e  same bas is  was 58.1, 
52.0, and 55, r e s p e c t i v e l y .  

RA-16 and 

EFFLUENT COMPOSITION 

The composit ion o f  t h e  e f f l u e n t  generated i n  t h e  seven g a s i f i e r  runs p r e v i o u s l y  
descr ibed i s  shown i n  Tab le  4. 
co r rec ted  f o r  water  i n t roduced  i n  s t a r t  up and shutdown. 

27 t o  50 p c t  o f  t h e  n i t r o g e n  from t h e  coal  i s  p resen t  i n  the  e f f l u e n t .  
i n  t h e  e f f l u e n t s  i nc ludes  carbon p a r t i c l e s ,  d i s s o l v e d  o rgan ics  and t a r .  
n i t r o g e n  i n  t h e  e f f l u e n t  i n c l u d e s  ammonia i n  t h e  l i q u o r  and n i t r o g e n  i n  the  t a r .  

i n  t h e  e f f l u e n t  i s  shown i n  F igu re  3. 
-14, -16, and -18 us ing  t h e  f o u r  sampling methods p r e v i o u s l y  descr ibed.  
i n d i c a t e  t h a t  t h e  ammonia concen t ra t i on  i n  t h e  l i q u o r  increases w i t h  pressure.  
There appears t o  be no s i m i l a r  r e l a t i o n s h i p  between g a s i f i e r  ope ra t i ng  pressure and 
d i sso l ved  o rgan ic  c o n c e n t r a t i o n  i n  t h e  l i q u o r .  

The aqueous f r a c t i o n  o f  gas l i q u o r  con ta ins  a v a r i e t y  o f  water  s o l u b l e  and 
semi-soluble organics.  Table 5 shows an MS a n a l y s i s  o f  t h e  o rgan ic  m a t e r i a l  i n  t h i s  
f r a c t i o n  from t h e  composite sample o f  RA-14. Th is  sample was c l e a n l y  skimmed o f  a l l  
apparent t a r ,  b u t  was n o t  f i l t e r e d .  This sample would be expected t o  be t y p i c a l  o f  
t h e  l i q u o r  i n  a waste w a t e r  t rea tmen t  p l a n t  be fo re  phenol e x t r a c t i o n .  The pheno l i c  
grouping (phenol, c reso l  and x y l e n o l )  accounted f o r  approx imate ly  80 p c t  o f  t h e  

Resul ts  a r e  based on composite samples and a r e  

O f  spec ia l  i n t e r e s t  i s  t h e  f a c t  t h a t  approx imate ly  3 t o  6 p c t  o f  t h e  carbon and 
The carbon 

The 

The r e l a t i o n s h i p  between g a s i f i e r  o p e r a t i n g  pressure and ammonia concen t ra t i on  
The r e s u l t s  were based on runs RA-11, -12, 

Resul ts  

I 

I 
I' 

1 
I 
1 
1 
1 
8 

m 
1 
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